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SYNOPSIS OF THE THESIS

ANTIOXIDANT PROPERTIES AND CHEMOPREVENTIVE POTENTIAL OF THE BIOACTIVE CONSTITUENTS OF THE ROOTS OF DECALEPIS HAMILTONII


Oxidative damage to cells and macromolecules is considered to be the cause of several diseases such as coronary heart disease, arthritis, cataractogenesis, various neurodegenerative diseases including Alzheimer’s disease, cancer and aging. Oxidative injury involves free radical-induced damage from both endogenous and exogenous sources. Several studies have shown that dietary antioxidants play an important role in preventing degenerative diseases associated with ageing such as cancer, cardio-vascular diseases, cataract, neurodegenerative diseases and immunological decline. There is a great deal of interest in the natural antioxidants often referred to as “nutraceuticals” in view of their positive health effects. Several studies have shown that the action of the natural antioxidants at the cellular and molecular level involves scavenging of free radicals and modulating apoptosis. In view of this, nutraceuticals are becoming widely accepted as an adjunct to conventional therapies for enhancing the well being. Bioprospecting or the search for newer bioactive compounds from the nations biodiversity for better health is a new thrust area in biotechnology.
Decalepis hamiltonii (Wight and Arn.) known as swallow root (family: Asclepiadaceae) is a monogeneric climbing shrub and a native of the forests of Deccan peninsula and Western Ghats of India. Its tubers are consumed as pickles and the juice for its alleged health promoting properties.  The roots of D. hamiltonii are used as a flavoring principle, appetizer, blood purifier and as a preservative. Similarly, the roots of this taxon are considered as “Sariva Bheda” in Ayurveda where these find use as an alternative to the roots of Hemidesmus indicus in the preparation of several herbal drugs like Amrutamalaka taila (hair tonic), Drakshadi churna (general vitalizer), Shatavari rasayana (adapatogenic) and Yeshtimadhu taila (mild analgesic, rheumatism). The roots contain 92% fleshy matter and 8% woody core. Of late, the highly aromatic roots have been subjected to over exploitation by destructive harvesting that has endangered the survival of this plant. A method for rooting of D. hamiltonii for field transfer is reported. In earlier reports it was observed that the aromatic roots of D. hamiltonii possess bioinsecticide property on storage pests at lethal and sub-lethal levels. The extracts of these roots have also been shown to be potent antimicrobial agents as well. 
Earlier work has shown that the D. hamiltonii roots contain aldelydes, inositols, saponins, amyrins, lupeols and volatile flavour compounds such as 2-hydroxy-4methoxybenzaldehyde, vanillin, 2-phenyl ethyl alcohol, benzaldehyde, and others. Essential oil costitiuents of D. hamiltonii roots contain: 2-hydroxy-4-methoxy bezaldehyde, -pinene, benzyl alcohol, -hexalactone, 2-hydroxy benzaldehyde, 4--methylresorcylaldehyde, -atlantone, -terpinene, 2-phenylethanol, 4-methoxy benzaldehyde, geraniol etc.. 
Previous studies in our laboratory have shown that the roots of D. hamiltonii possess strong antioxidant activity. Recently 2-hydroxy, 4-methoxy benzaldehyde, p-anisaldehyde, vanillin, borneol, salicylaldehyde, bis-2,3,4,6-galloyl /D-glucopyranoside (decalepin) are the antioxidant compounds isolated from the methanolic extract of D. hamiltonii. The root extract as well as root powder were not toxic at acute (upto 1g/ kg b.w.) and subchronic (upto 2.5% in basal diet for 90 days) doses to rats as assessed by the mammalian toxicity experiments.
Since the Ayurvedic practice started in India, plant extracts are being used in the cure of diseases. The exact mechanism of these plant-derived preparations is not well understood which requires to be scientifically investigated. Moreover, the active principles responsible for the alleged health promoting activity need to be isolated to elucidate their exact mode of action. Although the roots of D. hamiltonii have been used for their alleged health benefits, there is no scientific investigation in this regard. To fill these scientific lacunae, the present work was undertaken for one such plant, Decalepis hamiltonii.
Objectives of the study
a.	Isolation and characterization of antioxidant constituents from the aqueous extract of the roots of D. hamiltonii.
b.	Evaluation of their antioxidative properties, in vitro.
c.	Chemoprotective effect of the antioxidant compounds on xenobiotic induced cytotoxicity.
d.	Assessment of the hepatoprotective & neuroprotective potential of the aqueous extract of D. hamiltonii roots in vivo. 
Chapter I comprising literature survey gives an overview free radicals, oxidative stress, antioxidants and antioxidant protection in the body. Literature on Indian plants showing antioxidant activity and work done on D. hamiltonii has been surveyed.
Chapter II describes the isolation and characterization of antioxidant constituents from the aqueous extract of D. hamiltonii roots and evaluation of their antioxidant properties. Sequential extraction of the root powder was done with different solvents with increasing polarity i.e. hexane, chloroform, ethyl acetate, acetone, methanol and water. Among the extracts, maximum antioxidant activity was shown by the aqueous extracts and therefore, was chosen for further study. Six compounds showing antioxidant activity were isolated using silica gel, LH-20 and thin layer chromatography. The purified compounds were characterized by spectroscopic analysis (UV, IR, NMR, LC-MS). The compounds were designated as DHA I-VI. (DHA I: 4-hydroxy isophthalic acid; DHA II: ellagic acid; DHA III: 14- aminotetradecanoic acid; DHA IV: 4-(1-hydroxy-1-methylethyl)-1-methyl-1, 2-cyclohexane diol; DHA V: 2-hydroxymethyl-3-methoxybenzaldehyde; DHA VI: 2,4,8 trihydroxybicyclo [3.2.1]octan-3-one). The compounds exhibited high antioxidant activity as measured by free radical scavenging assays, metal chelating potential, reducing power and inhibition of human LDL oxidation. All the compounds isolated from the aqueous extract of the roots of D. hamiltonii are novel antioxidants reported for the first time.
In Chapter III, we have examined the ameliorative potential of the antioxidant compounds isolated from the aqueous extract of the roots of D. hamiltonii against xenobiotic-induced oxidative injury in (a) EAT cells and (b) rat primary hepatocytes, and the possible mechanism(s) underlying their protective effects. Cell culture systems are suitable for the study of cytotoxicity mediated by free radicals and the cytoprotective effect of antioxidants. Since cytotoxic injury is believed to be integral to toxicological manifestation, agents that ameliorate cytotoxic injury are considered to possess health promoting potential. Antioxidants prevent the damage to macromolecules and cells by interfering with the free radicals. Ehrlich Ascites tumor (EAT) cells derived from the mice mammary glands, can be conveniently cultured in the mice peritoneum cavity. EAT cells offer a good model to study LPO and ROS induction by xenobiotics. Isolated hepatocytes are also a useful in vitro model for pharmacological and toxicological studies of xenobiotics. Hexachlorocyclohexane (HCH), carbon tetrachloride (CCl4), ethanol and cumene hydroperoxide (CHP) are well known inducers of oxidative stress in cell systems. We have employed these xenobiotics to induce oxidative stress in EAT cells and primary hepatocytes from rat and observed amelioration by the phytochemical antioxidants.
The antioxidant compounds isolated from D. hamiltonii ameliorate xenobiotic-induced cell injury/death. Relative cytoprotective action of the antioxidant compounds in EAT cells was in the following order: (a) HCH-induced cytotoxicity - DHA-II > DHA-III > DHA-V > DHA-I > DHA-VI > DHA-IV; (b) CCl4-induced cytotoxicity - DHA-I > DHA-III > DHA-II > DHA-V > DHA-VI > DHA-IV; (c) CHP-induced cytotoxicity - DHA-VI > DHA-III > DHA-II > DHA-I > DHA-V > DHA-IV. Amelioration of cytotoxicity in hepatocytes by the isolated compounds was in the following order: DHA-II > DHA-I > DHA-V > DHA-III > DHA-VI > DHA-IV for both ethanol and CCl4 induced cytotoxicity. All the antioxidant compounds from D. hamiltonii were not toxic to the cells at the highest concentration used
The mechanism of cytoprotective action appears to involve maintaining the intracellular GSH, suppression of ROS induction and inhibition of LPO. These novel antioxidant compounds could be potential candidates as therapeutic agents for preventing or delaying degenerative diseases. 
In Chapter IV, we have investigated (a) the hepatoprotective potential of D. hamiltonii aqueous extract (DHA) pretreatment (single and multiple doses) against CCl4 and ethanol induced hepatotoxicity in rats by histopathological observations and biochemical changes. 
Chronic liver damage is a widespread pathology characterized by a progressive evolution from steatosis to chronic hepatitis, fibrosis, cirrhosis and hepatocellular carcinoma. Various xenobiotics are known to cause hepatotoxicity, carbon tetrachloride (CCl4) and ethanol are among them. The hepatotoxic effect of CCl4 and ethanol is attributed to oxidative stress. Oxidative damage to biological molecules is an important event in the development of a variety of degenerative diseases that result from overwhelming the biological defense system against oxidative stress, drugs and carcinogens. Intake in the human diet of antioxidant compounds that ameliorate or enhance the biological antioxidant mechanisms can prevent and in some cases help in the treatment of some oxidative-related disorders and carcinogenic events. Natural products have been used for this purpose since ancient times and a tendency is emerging today for their increased use. As the oxidative stress plays a central role in liver pathologies and progression, the use of antioxidants have been proposed as therapeutic agents, as well as drug coadjuvants, to counteract liver damage. A number of investigators have previously demonstrated that antioxidants prevent CCl4 and ethanol hepatotoxicity by inhibiting lipid peroxidation, suppressing alanine aminotransaminase (ALT) and aspartate aminotransaminase activities and increasing antioxidant enzyme activity.
This study demonstrates for the first time, that DHA effectively prevented CCl4 and ethanol induced hepatotoxicity. The hepatoprotective activity of DHA could, atleast in part, be attributed to the free radical scavenging or inhibition of inflammatory mediators in CCl4 and ethanol mediated lipid peroxidation. The bioactive antioxidant principles present in the aqueous extract could be responsible for the observed hepatoprotective effect in vivo. Further, DHA exhibits antioxidant activity in vivo by inhibition of lipid peroxidation and enhancement of the antioxidant status of cells by induction of the antioxidant enzymes and GSH. These results provide a scientific basis for the hepatoprotective effect and perhaps may underlie many other health promoting attributes of D. hamiltonii.
In Chapter V, we examined the neuroprotective potential of the aqueous extract of the roots of D. hamiltonii (DHA) in rats against (a) ethanol-induced oxidative alterations in the brain, (b) HCH-induced oxidative stress in the brain regions, and (c) DDVP-induced AChE inhibition in the different regions of brain. 
Brain is considered highly sensitive to oxidative damage since it is rich in easily peroxidizable fatty acids, consumes an inordinate fraction (20%) of the total oxygen for its relatively small weight (2%) and is relatively deficient in its antioxidant defenses. There is a substantial evidence that oxidative stress is a causative or at least ancillary factor in the pathogenesis of major neurodegenerative diseases including Parkinson’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis as well as in cases of stroke, trauma and seizures. Decreased level of antioxidant activity and increased lipid peroxidation and oxidative modifications of DNA and proteins especially in substantia nigra of the brain have been reported in patients with Parkinson’s disease. A number of in vitro studies have shown that antioxidants- both endogenous and dietary- can protect nervous tissue from damage by oxidative stress. 
This study shows that DHA positively affects the antioxidant status of the rat brain and exhibits neuroprotective potential, in vivo. Since excessive or chronic oxidative stress is considered an important factor in the etiology of many diseases, effects of DHA on the enhancement of the antioxidant status could provide an explanation for the health promoting properties attributed to it.

CONCLUSIONS

	Natural antioxidants are thought to prevent or slow down free radical induced oxidative stress and therefore possess health promoting potential.
	Six antioxidant compounds were isolated from the edible roots of D. hamiltonii and five of them are novel antioxidant molecules, reported for the first time. All the compounds showed free radical scavenging activity, reducing power, metal chelation and inhibited protein carbonylation and human LDL oxidation.
	The antioxidant compounds isolated from D. hamiltonii ameliorated xenobiotic-induced cytotoxicity in EAT cells and rat primary hepatocytes. The mechanism of cytoprotective action appears to involve inhibition of lipid peroxidation, suppression of ROS and maintaining GSH level.
	The aqueous extract of the roots of D. hamiltonii showed hepatoprotective potential in rats. The root extract protected against hepatotoxicity induced by CCl4 and ethanol in rats. Further, the extract boosted the antioxidant status of the liver.
	The root extract also shows neuroprotective potential; it protected the rat brain against xenobiotic (ethanol, HCH, DDVP)-induced neurotoxicity and enhanced the antioxidant status of the brain.
	The bioactive principles of the aqueous extract of D. hamiltonii could be responsible for the protective effect by enhancing the antioxidant status in vivo.
	The edible roots of D. hamiltonii are a source of novel nutraceuticals.
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